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BACKGROUND OF THE INVENTION 



1. Field of the invention: 

The present invention relate© to an active matrix 
type display device and a method for driving tho sama. 
In particular, a duty ratio of a pulse for driving signal 
lines of the active matrix type disp.tey device is con- 
trolled baaed on an analog video signal according to the 
present invention , 

i 
i 

2. Description of the Related Art: 

In recent years, high-resolution display devices 
which are suitable for high-vision television, personal 
computers, or work stations have been developed. Among 
these kinds of display devices, active matrix type liquid 
crystal display devices have such a structure that 'signal 
lines and scanning lines .are .formed within a liquid 
crystal panel in a matrix shape, with switching elements 
(such as thin film transistors) being provided et inter- 
sections thereof. In such a liquid crystal display 
device, the respective horizontal lines of switching 
elements are driven so as to be on and off in a sequen- 
tial manner. As a result, a signal voltage is selective- 
ly provided for pixel electrodes, thereby exciting liquid' 
crystal interposed between pixel electrodes and a oounter 
electrode. By modulating light transmitted through the 
liquid crystal layer with thes signal voltag&> gray-scale 
display or full-color display can be attained. 

The signal voltage is supplied by ; a signal line 
driving circuit connected to the signal lines within the 
display panel. The signal line driving circuit is 
generally classified into analog driver -(hereinafter 
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referred to as "AD- ) type .-signal n n . a driving circuits 
and digital driver (hereinafter referred to an "DD" ) type 
signal line driving circuit*. An AD signal line driving 
circuit receives analog video signals as input signals. 
A DD signal line driving circuit .receives digital video 
signals as input signals. 

In the present specification, a driving element 
including signal line driving circuits corresponding to 
individual signal lines may collectively be referred to 
as a "signal line driver" for conciseness. 

Figures 15 and 16 are diagrams for describing 
conventional AD signal line driving circuits. Figure 16 
shows all the signal line driving circuits corresponding 
to a number N of signal lines. Figure 15 shows a signal 
Una driving circuit corresponding to an 1 th signal line 
(where i represents an integer). Ab shown in Figure l!i, 
the AD signal line driving circuit is controlled by a 
sampling capacitor C»mp, a hold capacitor OH, an analog 
signal swi which is controlled by a sampling 
pulse Tsmp(i), an analog signal SW2 which is controlled 
by an output pulse OE, and ei\ output stage analog buff- 
er 230. The sampling capacitor Csmp is;, designed so as to 
have a sufficiently large capacitance, as compared with 
that of the hold capacitor CH. 

The operation of the AD signal line driving 
circuit is described using a signal timing diagram shown 
in Figure 17. An analog video signal V* , input to the 
analog switch SWI is sequentially sampled with sampling 
pulses Tsmp(l) to Tsmp(N), which correspond to the 
respective N pixels on one scanning line that is selected 
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for every pulse of a horizontal synchronization sig- 
nal Hsync. As a result of the sampling, momentary 
voltages V B wp(l) to Vamp(N) of the analog vid€.o signal Va 
which are taken at respective points of time, are applied 
to the respective sampling capacitors Csmp. 

An i th sampling capacitor Csmp is charged by a 
voltage value Vsmp(i) of tho analog video signal Va that 
corresponds to the i th pixel, and retains that value. The 

j " 

signal voltages Vamp (1) to Vmmp(N) , which have been 
sequentially sampled and thus retained, are transferred 
from the respective sampling capacitors Cetmp to the 
corresponding hold capacitor CH in accordance with an 
output pulse OE, which is simultaneously supplied to all 
the analog switches SW2. Thus, the signal voltag- 
es Vsmp(l)to Vamp(N) are output to the signal lines S(X) 
to S(N) connected to the respective pixels via the output 
stage analog buffers 230. 

In the case of a liquid crystal display device- 
employing the AD method, the light transmittance charac- 
teristics of the liquid crystal, i.e., the relationship 
between the voltage applied to the -liquid crystal and the 
display luminance by the liquid crystal are not linear, 
as shown in Figure 23. As a result, a luminance offset 
emerges when en analog video signal dtself is input to 
the analog driver. Therefore, it is necessary to process 
the input analog video signal in such a manner an to 
correspond to . the transmittance characteristics of t:he 

i' 

liquid crystal. 

Moreover, in the case of a licjuid crystal display 
device, liquid crystal material, may deteriorate if a d„c. 
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voltage is applied thereto, so -that «i signal procos^jing 
circuit for achieving a,c. driving j-s required. Fig- 
ure 29 shows an exemplary circuit thereof. Figure 30 
shows a timing diagram for describing an exemplary 
operation of the circuit of Figure 29. In Figure 29, 
reference numerals OP10 and OP20 deno:e analog operation 
amplifiers; reference numerals? SW10 and HW20 denote 
analog switches; INV10 denote* ei logic invasion circuit 
(inverter)* The analog video signal Va is coupled to a 
plus terminal of the operation amplifier OP10 and a minus 
terminal of the operation amplifier OP20. A variable 
d.c. voltage Vaet for offset adjustment is coupled to a 
minus terminal of the operation amplifier CIP10 end a, plus 
terminal of the operation amplifier OP 20, The output!? of 
the operation amplifier OP10 and OP20 are coupled to one 
terminal of the analog switches SW10 and SW'20, respec- 
tively , whereas the other terminal© of the analog switch- 
es SW10 and SW20 are connected to each other.. Thus, the 
analog video signal Va is output as en a.c. analog video 
signal Va 1 • A polarity inversion signal POL controls the 
analog switch SW10 directly and controls the analog 
switch SW20 indirectly via tha inverter XNV10. As shown 
in Figure 30, the analog video signal V* is a video 
signal commonly used for disiplay by c?*thode ray tube.a or 
the like. The polarity inveirwion signal POX, is a signal 
which varies in synchronization with the horizontal 
synchronization signal Hsyr.ic Accordingly, when the 
polarity inversion signal POL is at a high level, the 
analog switch SW10 is turned an so that the output of the 
operation amplifier OP10 lis output, as shown in Fig- 
ure 30. When the, polarity inversion signal POL 1*3 Kit a 
low level, the analog switch SW20 is turned on so that 
the output of the operation amplifier OP20 in output, as 
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shown in Figure 30. Thus, the a.c analog video sig- 
nal Va' is obtained. The a.c. analog video signal Va' is 
a signal whose polarity is inverted as shown in Fig- 
ure 30. By applying the a.c. analog video signal Va » to 
the conventional analog driver shown in Figures 15 and 
16, a.c. driving is realized. In the present specifica- 
tion, the term "analog video signal" is defined to 
include both general analog video signals employed for 
display using CRTs (cathode ray tubes) and analog video 
signals which have been converted into a.c. signals'. 

Figures 18 and 19 ore!, diagrams for describing 
conventional DD signal line driving circuits. Figure 19 
shows all the signal line driving circuits corresponding 
to a number N of signal lines (this corresponds to the AD 
signal line driving circuitu enhown in Figure 16). Fig- 
ure 18 shows a signal line driving circuit corresponding 
to an 1 th signal lint* (where 1 represents an integer; this 
correepondo to the AD signal line driving circuit shown 
in Figure 15). For conciseness, it i« assumed that the 
input digital video signals are composed a£ 2 bi'::s, 
namely, DO and Dl. That is,. vi<3!eo da^:a has jfour values 
of 0, 1, 2, and 3. The grayscale voltage to be provided 
for each pixel is ojie of the four levels VO, VI, V2, and 
V3. 

The signal line driving circuit shown in Fig- 
ure 18 Includes th.=i first D flip-flop (sampling flip- 
flop) Msmp, the second D flip-flop (hold flip-flop) HH, 
a decoder DEC, and analog switches ASWO to ASW3 provided 
between the respective external grey-aeale voltages* VO to 
V3,;and the signal line S(i), 
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The operation of this* i-iignal line driving circuit 
is as follows. Video aignzil data 1)0 end D3L ©re token 
into and retained in th«a sampling flip-flop Mamp, 
responsive to the rise of the sampling pulse T$tmp(i) 
corresponding to the i th pixel. An output pulse 0E is 
supplied to the hold flip-flop MH whan the sampling for 
one horizontal scanning period has finished, so that the 
video signal data DO and 1)1 retained in the sampling 
flip-flop Msmp are taken into the hold flip-flop MM and 

oujtput to the decoder DEC. The decoder DEC decodes the 

i 

2-bit video signal data DO and Dl, end plages one of the 
analog switches. ASWO to ASW3 in a conductive sitate, no as 
to output the corresponding one of the external gray- 
scale voltages V0 to V3 to the signal line S(i). 

Apart from the conventional DD method, a binary 
multiple gray-scale signal line driving circuit; which 
realizes multiple gray- scale display by only inputting 
two voltage levels of high and low end a plurality of 
digital greiy-scale oscillation signal, without requiring 
any external gray-scale voltages or internal analog 
switches iei disclosed in Jap.-srunse Laid-bpen Patent Publi- 
cation No, 6-27900* 

Prior to describing the operation principles of 
this binary multiple gray-scale signal line driving 
circuit, an active matrix type liquid crystal panel 
display device will be described. 

Figure 12 shows one display device of an active 
matrix type liquid crystal panel. Figure 13 ishowra a 
schematic oquivalent circuit thereof- In Figure 13, the 
resistance component of a signal line is denoted ins 
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Rsource; the capacitance component thereof is denoted as 
Csource; the ON resistance of: 2h switch element: T is 
denoted a& RON; and the capacitance of the display 
device P(i f j) is demoted && CLC* In the case where* a 
storage capacitance, is provided in order to increase- the 
voltage retention ratio of th© pixel, the pixel capaci- 
tance CLC is a sum of the liquid crystal capacitance 
(liquid crystal cell) constituted by a liquid crystal 
layer interposed between a pixel electrode and a counter 
electrode plus the storage gapacitance provided in 
parallel to the liquid crystal capacitance. 

In general, RON lis suf f ici€.ntly larger than 
Rsource; Cuource is sufficiently larger than CLC; and the 
time constant (RON x CLC) of the display device is 
sufficiently larger than the time constant (Rsouraci x 
Csource) of the signal line. In o their wordfi, the path 
from the output of a signal line driving circuit to a 
liquid crystal cell of an active matrix, type liquid 
crystal display device has the characteristics of a low- 
pas a filt€ir. The characteristics are substantially 
determined by the time constant {HON x CLC) of the 
individual display device, rather than the time constant 
(Rsource x Ceource) of the signal line itself. 

The binary multiple grey-scele signal line 
driving circuit disclosed in Japane*sei Laid-open Patent 
Publication No. 6-27900, supra, utilizes the abovfc- 
described low-pass filter character! s tries of each display 
device as a fundamental principal, bo that t'he output of 
the signal line driving circuit has only 'two levels of 
high and low, namely, VSH end VSL« in other words, as 
shown in Figure 14, the signal line driving circuit 
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outputs a signal having a period of \v, an amplitude of 
(VSH - VSL), and a duty ratio (i.e., VSH output time : 
VSL output time) oi? m : n. ISy setting the period T of 
the output of the signal line driving circuit at fcuch a 
5 value that the output ie sufficiently averaged by the 
above-mentioned low-pass filter, an average voltage of 
(xn 4 VSH + n • VSL) / (in + n) is charged In the piicel. 
Accordingly, it is possible to charge; the pixel with a 
desired voltage by adjusting the output duty ratio ni : n 
10 of[ the signal line driving circuit. 

Figure 20 i© a diagram for describing the cionsiti- 
tution of the binary multiple gray- scale signal line 
driving circuit detscribed in Jeipanese Laid-Open Patent 

15 Publication No. 6-27900, Figure 20 shows a signal line 
driving circuit for providing four levels of voltage 
corresponding to two-bit data, the signal line driving 
circuit corresponding to the i th signal line (this 
correspond,^ to the conventional digital driver shown in 

20 Figure 18 )♦ In Figure 20, the operation based on a sam- 
pling flip-flop Msuap, a hold flip-flop MH, a sampling 
pulse Tsmp(i), and an output pulse 0E, and the outputs Y0 
to Y3 of a decoder DEC ara the sajno as those of the 
cirauit shown in Figure 18. AND circuits 802 and £s03 , 

25 and a thr«e-input OR circuit 804 ar> provided on the 
output side of the decoder DEC * Signals TM1 and TM2 
(described later) are supplied to the other- input of the 
AND circuits 802 and 803, respectively. 

30 Figure 21 sihows the waveforms of the signal TM1 

and TM2. The duty ratio of the signal TM1 (i.ej., the 
ratio between periods [m] in which the pulse is qt rt i ,f 
and periods [n] in which the pulse is at "0") is &uch 
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that m : n ** 1 : 2. The duty ratio o± the signal TM2 is 
such that in : n - 2 : 1. 

When video data (DO, Dl ) * (0, 0) is input to 
5 this binary multiple gray-scale signal line driving 
circuit, the output YO of the decoder DEC shifts to "1", 
and the other outputs Yl to Y3 shift to "0". Since the 
inputs of the OR circuit 804 ares all "0", the output of 
the OR circuit 804 is at VSEi r as shown in Figure 22A. 
10 j 

When video data (DO, Dl) - (0, 1) is input, the 
output Yl of the decoder DEC shifts to U 1 M , and the other 
outputs Y0, Y2, and Y3 shift to- "0". Accordingly , the 
output of the OR circuit 804 has a pulse waveform oscil- 
15 lating between VSH and VSL at the same duty ratio of 

m : n - 1 r 2 of the signal TM1, as «hown in Figure 

Whcm video data (DO, Dl ) * (1, 0) is input, the 
output Y2 of the decoder DEC shifts to "1", and the oth^r 
20 outputs Y0, Yl, and Y3 shift to M 0"« Accordingly, the 
output of the OR circuit 8041 has a pulse waveform oscil- 
lating between VSH and VSL at the same duty ratio of 
m : n - 2 t 1 of the signal TM2 , as shown in Figure 2.2C. 

25 Whc*n video data (DO,, Dl ) - (1, 1) is input to 

this binary multiple gray-scale signal line driving 
circuit, the output Y3 of the decoder DEC shifts to "1", 
and the other outputs Y0, Yl, end Y2 shift to "0" • A:* a 
result, the output of the OR circuit 804 is at VSH, us 

30 shown in Figure 22D* 

Thus f when video data (DO, (Dl) =» ( % Q, 0) is input, 
the output voltage VSL of the signal line driving circuit.. 
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itself i8 applied to the pixel. When video dzrta (DO, Dl) 
= (1, 1) is input, the output voltage VSH of the signal 
line driving circuit itself is: applied to the pixel. 
When video data (DO, Dl) - (0, 1) is input and when video 
5 data (DO, Dl) » (1, 0) is input, the average voltage of 
the signal line driving circuit is supplied to the pixel 
as long as the frequencies of the signals TMl and 
respectively, are set at a value sufficiently highea: than 
the cut-off frequency of the low-pass filter charac- 
10 t^ristics of the path from the output of the signal line 
driving circuit to the pixel* Thus, the average voltage 
of (WVSH + n'VSL) / (m + :n) is charged in the pixel* 

In a conventional AD method, the lineeir "region of 
15 the output stage analog buffers 230 is generally as 
narrow as about 70% of the supply voltage, so that it 
requires a high resistance-voltage process for fabricat- 
ing the circuitry elements so as to be capable of with- 
standing a high supply voltage, which results in an 
20 increase in the cost* If a large a:r>d high- resolution 
display panel is to be driven, a large load isi impend on 
the output stage analog buffer 230 provided f or eiach 
signal line, thereby deteriorating tho display quality, 

25 In the case of an AD type liquid crystal iais-.pl ay 

device, it is required to process the cmalog video signal 
itself so that the display- luaninancei characteristics of 
the display device , i,e*, the relationship between, the 
signal level of th<=t analog video signal and the display 

30 luminance of the pixel due to thtt liquid crystal, 
becomes linear. This results In an increase in the coirt:. 

i 

Moreover, an AD type liquid crystal display 



\ 
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device is required to bG driven by an eiltex-nating currant 
(e-c. driving). This requires; a high-speed polarity 
inversion signal generation circuit capable of: processing 
the band of analog video eiignals, which re<3ulta in an 
5 increase in the coat. 

Moreover, in certain types of display panels, the 
application of a positive voltage and a negative voltage 
having the same absolute value to a pixel electrode can 

10 result in a difference between the .absolute values of 
- respective 'retained voltage levels. In other words, 
merely inverting the polarity of a video signal may 
create a difference between the positive and negative 
voltage levels retained in the pixel* This causes 

15 flickering of images, and may develop an after-image 
phenomenon . 

On the other hand / although a conventional DD 
method recjuires only four kinds of* external gray-scale 

20 voltages of V0 to V3 in the case where the video «i(;:nal 

data DO and Dl are 2-bit data, full-color displey is 
generally considered to require 8-b.lt .information for 
each color of red, blue, and green as video signal data. 
When conducting full-color display by a conventionn) DD 

25 method, 256 external gray-scale voltages (V0 to V255) are 
required; so that 256 analog switches (ASWO to ASW255) 
are required / each being provided between the correspond- 
ing one of the external gray -scale voltages V0 to V2 55 
and the signal line. Thus, according to a conventional 

30 DD method, as many external grey- scale voltages, end 
analog switches for each signal line,, are required as the 
number of gray-scale levels* Accordingly, the numbor of 
gray-scale voltegets^ and the number of analog switches for 
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each signal line increases a& the nujnber of gray-fiicale 
levels increases* This reetults in en increase in the 
chip size when the circuitry is made into an LSI , thereby 
increasing the cost . 

The above-mentioned binary multiple gray-scale 
signal line driving circuit €»iliminat€is the need of the 
external gray-scale voltagas and analog switches as 
required by a conventional DD method, and therefore 
realises a low-cost signal line driving circuit. Howev- 
er, when this method is applied to full-color display, it 
is required to input 8-bit Information for each color of 
red, blue, and green as video signal . data,, and substan- 
tially as many digital gray-scale oscillation signals 
(corresponding to TMl and TM2 described above), having 
different duty ratios, as the number of grayscale 
levels. It is very difficult to input such a large 
number of control signals to the s:Lgnal line driving 
circuit. If a television image or the lik<e, which is 
originally an analog signal, is to be displayed, a high- 
speed and high-resolution analog/digital conversion 
circuit i& required, thereby increasing the cost* 

Also in the above-mcmtioned binary multiple gray- 
scale signal line driving circuit, it may be nece«3sery to 
drive signal lines having load capacitance with a pulse 
waveform so as to repeal: charging and.- discharging, 
depending on the frequencies of the digital gray- scale 
oscillation signals (corresponding to the signals TMl and 
TM2 above). This results in an increase ''in the power 
consumption. 

In certain types of display panels, the oscilla- 
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tion voltage of the output of the signal line driving 
circuit . iet not sufficiently averaged by the low-pass 
filter characteristics of the path fx'oni the output of the 
signal line driving circuit to the pi>;el. This deterio- 
rates the display quality. 

SUMMARY OF 'I M S INVENTI ON 

An active matrix type* display device according to 
tljie present invention includes: a display panel including 
a plurality of pixels arranged in a matrix shape, scan- 
ning lines connected to the plurality of pixels,, and 
signal lines connected to the plurality of pixels?; and 
a signal line driving circuit for receiving an analog 
video signal and driving each signal line in accordance 
with a signal line driving signal corresponding to a 
signal level of the analog video signal, wherein the 
signal line driving circuit generates a pulse signal 
having a duty ratio corresponding to the signal level of 
the analog video signal and outputs tine pulse signal- 

In one embodiment of the invention, the signal 
line driving circuit includes: a sample and hold circuit 
for sampling the emalog video signal and generating a 
retained signal; a reference signal generation circuit 
for generating a reference signal; and a comparison 
circuit for comparing the: retained signal with the 
reference signel and outputting a pulse signal having a 
duty ratio corresponding to the sicjnal level of the 
analog video signal. 

In another embodiment of the . invention, the 
signal line driving circuit includes a digital buffer 
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ciroui-t connected to the signal line und having at luast 
two output; voltage levels , and drlvcis the signal line 
with an output signal of the digital buffer circuit. 

In ©till another embodiment of the invention, one 
of the two output voltage levels is a GND level. 

In still another embodiment of the invent! oa**, the 

pulse signal is a binary pulse signal, 

i 

i 

In ©till another embodiment of the invention, the 
signal line driving circuit output© the pulse signeil to 
the signal line, and circuitry from the signal line to 
the corresponding one of thes pixels functions as a low- 
pas© filter for the pulse signal. 

A method for driving an active matrix type 
display device to which an analog video signal is input 
according to the present invention includes the step» of: 
generating a pulse signal having a duty ratio correspond- 
ing to a isignal level of the analog video signal, and 
Averaging the pulse signal and applying an average 
voltage to a pixel . 

In still another embodiment of the invention, the 
signal line driving circuit controls the duty ratio of 
the pulse signal #0 that the relationship between the 
signal level of the analog video signal and display 
luminance of the pixel© is kept linear. 

i' 

In still another embodiment of the invention, the 
reference signal is a correction reference signal for 
correcting the non- linear relationship between the signal 
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level of the analog video signal and display luminance of 
the pixels, and the oompiirieon circuit compares the 
' retained signal with the correction ref erence signal so 
as to generate a pulse signal corresponding to the signal 
5 level of the analog video signal and controls the duty 
ratio of the pulse signal so thai: the relationship 
between the signal level of the analog video signal and 
the display luminance of the pixels is kept linear* 

10 j In still another embodiment of* the invention, the 

pulse signal is a binary pulse signal . 

In still another embodiment of the invent:*. on , the 
signal line driving circuit outputs the pulse signal to 
15 the signal line, and circuitrry from the signal line to 

the corresponding one of the pixels functions a& a low- 
pass filter for the pulse signal. 

In one embodiment of the invention, the st**p of 
20 generating the pulse .signal Includes a step of control- 

ling the duty ratio of the pulse signal so that the 
relationship between the signal level of the analog video 
signal and display luminance of the pixels is kept 
linear. 

25 

In still another embodiment oi: the invention, the 
reference signal is a correction reference signal for 
correcting for a y correction performed for the analog 
video signal, and the compa*:ie?on circuit compares the 
30 retained signal with the correction :referdhc:e signal so 
as to generate a pulse, signal corresponding to the 
signal level of tho analog video signal and controls the 
duty ratio of the pulse signal so as to correct for the 

\ 
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7 correction performed for the analog video Qignhl. 

In still another embodiment of the invention, the 
signal lin<8 driving circuit further includes a comparison 
5 circuit for alternately inverting the duty ratio of the 
pulse signal in a periodic mariner. 

In still another embodiment of the invention, the 
signal line driving circuit further includes a logic 
10 operation circuit which receive© em output of the 
comparison circuit and a polz-irity inversion signal and 
. performs a logic operation fito as to output a pulse signal 
obtained by logiceilly alternately- inverting a signal 
having a duty ratio corresponding to the signal levsil of 
15 the analog video s:lgnal« 

In still another embodiment of the invention,, the 
pulse signal is a binary pulse signal, 

20 in still another embodiment of the invention, the 

signal line driving circuit outputs the pulse signal to 
the signal line, end circuitry from the signal line* to 
the corresponding one of the pixels functions as a low- 
pass filter for the pulse signal. 

25 

In another embodiment of the invention, the atop 
of generating the pulse signal includes a step of invert- 
ing the duty ratio of the pulse signal and generating a 
pulse signal obtained by logically alternately-inverting 
30 a signal having a duty ratio corresponding to the signal 
level of the analog video signal. 

( 

In still another embodiment of the invention, the 



\ 
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signal line driving circuit includes a comparison circuit 
for controlling the duty ratio of the pulse signal ao as 
to correct for difference in voltage retention 
characteristics of the display pane], between -positive 
5 voltages and negative voltages* 

In still another embodiment of the invention., the 
reference signal is 8 correction reference eignel for 
correcting for differences in voltage retention 
10 characteristics of the display panel between positive 
voltages and negsitive voltages, and the comparison 
circuit compares the' retained signal with the correction 
reference signal end outputs a result of the compari son 
to the logic operation circuit. 

15 

In still another embodiment of the invention, the 
pulse signal is a binary pulse signal. 

In still another embodiment of the invention, the 
20 signal line driving circuit; outputs the pulse signeil to • 
the signal line, end circuitry from the signal line: to 
the corresponding one of the pixels functions an a low- 
pass filter for the pulse signal. 

25 In still another embodiment of the invention, the 

step of generating the pulse signal Includes a step of 
correcting for differences in voltage retention charac- 
teristics of a display panel. 

30 in still another embodiment of the invention, the 

signal line driving circuit includes neans for varying a 
cycle of the pulse signal. 
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In still another embodiment of the invention, the 
reference signal is a reference signal having a varying 
cycle, 

5 In still another embodiment of the invention, the 

pulse signal is a binary pulso signal > 

In ©till another embodiment of the invention , tlie 
signal line driving circuit outputs the pulse signal to 

i 

10 the signal line, and circuitry from the signal line to 
the .corresponding one of the pixels functions as a low- 
pass filter for th«» pulse signal . 

In still another embodiment of the invention, the 
15 step of generating the puli?e signal Includes a step of 
varying a cycle of the pulse signal* 

In still another embodiment of the invention, the 
signal lint* driving circuit further includes a comparison 
20 circuit for controlling output; impedance with respect to 

the pulsa signal. 

In still another embodiment ol; the invention, an 
impedance element for controlling output impedance with 
25 respect to the pulse signal is provided between the 

comparison circuit and the siignal Una. 

In still another embodiment of the invention, the 
pulse signal is a binary pulse signal, 

30 

In still another embodiment of the invention, the 
signal line driving circuit outputs the*. pulse signal to 
the signal line, and circuitry from the signal line to 
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the corresponding one of the pixels functions as a .Low- 
pass filter for th<-i pulse signal* 

In still another embodiment of the invention, the 
5 step of generating the pulse signal includes a stcap of 
controlling output impedance of the pulse signal to be a 
desired value . 

: The signal line driving circsuit of the active 

10 matrix type display device according to the present 
invention includes a means for generating a pulsus signal 
(oscillation signal) having an appropriate duty ratio 
corresponding to the signal level of an input aneilog 
video signal. By allowing this pulse signal to pass 

15 through circuitry having tifta characteristics of a low- 
pass filter, the oscillation component of the pulse 
signal is suppressed, whereby an e.verage voltage is 
obtained. By supplying the average voltage to a pixel as 
a data, signal, it becomes possible to conduct display 

20 corresponding to the signal level o:: the input analog 
video signal* Accordingly, the present invention realiz- 
es a multitude of gray-sceils voltscjes for grey-scale 
display with a simple cons3t ruction, thereby making it 
possible to conduct multiples gray- scale display or full- 

25 color display. 

An active matrix type display device according to 
one example of the present invention Includes: a display 
panel having a plurality of pixels arrange^ in a matrix 
30 shape, signal lines connected to thei pixels, and scan- 
ning lines connected to the pixels; and a driving circuit 
for driving the display panel. The driving circuit 
includes a signal line driving circuit, which includes a 
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sample and hold circuit, a referenda signal ganoration 
circuit, end a comparison circuit. The sample and hold 
circuit samples and retains a portion of an analog video 
signal corresponding to on© row o£ pixels. The camper i- 
5 son circuit conducti3 a comparison operation for the level 
of a reference signal generated by thB reference signal 
generation circuit and the level of the sampled/retained 
analog video signal , so aa to output a binary pulse 
signal having a duty ratio corresponding to the signal 

10 level of the analog video isignal; that is, gray- scale 
signals corresponding to the levels of the analog video 
signal are generated by controlling th*a duty ratio of the 
binary pulse signal. Accordingly, the number of the 
external gray-scale voltages can be remarkably reduced. 

15 Since pulse signals having different dut;y ratios ax^e 
generated by conducting a comparison between the analog 
video signal and the reference signal, there is no ntaed 
to convert the ana3.og video signal into a digital video 
signal. As a result, the circuit configuration can be 

20 simplified* 

Since the circuitry existing in a Hign&l path 
from the signal line to the pixel (which are included in 
the display panel) has low-pa£?s filter characteristics, 

25 an average voltage of the pulse signal can be applied to 
the pixel even by directly output ting a pulse signal 
containing an oscillation component to the' signal lima. 
Therefore, by utilizing the low-pass filter characteris- 
tics of the circuitry existing in a Hi gnal. path from the 

30 signal line to th« pixel (which ar« included in the 
display panel), the construction of the device can be 
simplified and the power consumption reduced* 
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By designing the signal line driving circuit; so 
as to include a digital 'buffer circuit having at Icmst 
two output voltage. levels coupled to the signal line, the 
output signal of the digital" buffer circuit driving the 
signal line, and prescribing one of the output voltage 
levels to be a GND level , it become© possible td drive a 
multiple gray-scale signal line driving system with a 
single power supply* 

i 

i A signal line driving circuit according to 

another example of the present; invention, when converting 
an analog video signal into a pulse signal having a duty 
ratio corresponding to the signal level thereof, corrects 
the duty ratio of the pulse signal in such a manner that 
the relation between the level of the analog video signal 
and the display luminance of the pixel (i,e., the display 
luminance characteristics) becomes linear, and outputs 
the corrected pulse signal as a signal line driving 
signal to the signal line. Thus, the signal line driving 
circuit avoids luminance offset due to non-linear rela- 
tion. The correction of the duty ratio can be achieved 
by correcting the waveform of the reference isigneil to be 
compared with the analog video signal, Since it is not 
necessary to employ a high-speed analog correction 
circuit for performing correction for the analog video 
signal in view of the non-linear relation -between the 
voltage applied to the liquid crystal and f the luminance 
level, the cost and the power consumption oan be reduced, 
while increasing the integration degree of the.. device. 

A signal line driving circuit according to still 
another example of the present invention include n a 
correction, reference signal generation, circuit for 
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generating a correction reference signal for correcting 
for the Y correction to which an analog video signal is 
subjected.. The comparison circuit generates a pulse 
signal having a duty ratio corresponding to the signal 
level of the analog video signal and to the gray-scale 
luminance characteristics for which the effect of the y 
correction has been removed, by conducting u comparison 
operation between the sampled values of the analog video 
signal and the correction reference ?3ignal. Therefore, 
ejven when an analog video signal for display by a cathode 
ray tube is used as an input signal for an active matrix 
type liquid crystal display device, the y correction 
intended for display by a ceathode ray tube, which has 
been performed for the analog video signal at the 
transmission side, exercises no effect* As a result, the 
liquid crystal display device can provide optimum iraage 
quality. 

A signal line driving circuit according to still 
another example of the present invention, when converting 
an analog video signal into a pulse signal hewing a duty 
ratio corresponding to the signal level of the analog 
video signal so as to be output to the signal line, 
employs a simple logic operation circuit to periodically 
invert the. duty ratio of the pulse signal for an output* 
Therefore, it is possible to achieve a.c. driving without 
using a high-speed analog polarity inversion signal 
generation circuit capable, of processing the band of 
analog video signals* As ei result, the cost and the 
power consumption can be reduced, while increasing the 
integration degree of the device* 

A (signal line driving circuit according to still 
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another example of the present invention, when converting 
en analog video signal into a pulse signal having a duty 
ratio corresponding to the signal lisvel of the analog 
video signal so as to be output to the signal line, 
5 achieves a.c. driving by employing a simple logic opera- 
tion circuit to periodically invert the duty ratio of the 
pulse signal for an output, and al«c applies a voltage 
sxich that the voltage retention characteristics , which 
vary depending on the polarity (of plus or minus) of a. 
10 vbltage applied to the display panel, are corrected* As 
a result, optimum image quality can be provided,, free 
from flickering or after-images due to the difference in 
the voltage retention characteristics between plus3 and 
minus voltages applied to the displeiy panel* 

15 

A signal line driving circuit according to still 
another example of the present; invention, when converting 
an analog video signal into a pulse signal having a duty 
ratio corresponding to the signal level of the analog 
20 video signal so as to be output to the signal line, can 
vary the frequency of the pulse signal to be output to 
the signal, line having load capaci tance to be a desired 
value. As a result, the power consumption of th«> device 
can be reduced. 

25 

A signal line driving circuit: according i;o still 
another example of the prescsnt: invention, when converting 
an analog video signal into a pulse signal having a duty 
ratio corresponding to the* signal level of the analog 
30 video signal so as to be output to the sigfhal line, can 
vary the output impedance of the signal line driving 
circuit. As a result, optimum image quality ccin be 
provided even by a display panel for which the low-pass 
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filter characteristics of the path from the output of the 
signal line driving circuit to the pixel do not suffi- 
ciently average out the pulse signal, allowing the 
display quality to deteriorate. 

Thus, the invention described herein makes 
possible the advantage of providing ( 1 ) an active matrix 
type display device capable of multiple gray-Hcale 
display or full-color display by employing a simple 
cbnstruction, and (2) a method for driving the same. 

These and other advantages of the present inven- 
tion will become apparent to those i3killed in th& art 
upon reading and understanding the following detailed 
description with reference to tlie eccDmpanying figures* 

BRIEF DESCRIPTIO N OF THE D RAWI NGS 

Figure 1 Its a diagram showing the fundamental 
configuration of an active matrix type display device 
according to Example 1 of thc-s present invention corre- 
sponding to one signal line, 

, Figure 2 is a wavef orm diagram showing en exem- 
plary output waveform of thia signal line driving circuit 
shown in Figure 1. 

Figure 3 iis a diagram showing the relationship 
between an analog video signal and du-ty ratios. 

Figure 4 is* a diagram showing the relationship 
between an analog video signal and pinel* \ voltages « 
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Figure 5 is a dicigram showing the specific 
configuration of the signal line driving circuit accord- 
ing to Example 1* 

Figure 6 lis a waveform diagram showing a waveform 
obtained by the signal line deriving circuit according to 
Example 1 . 

Figure 7 is3 a diagram showing the configuration 
ojf a signal line driver of the active* matrix type display 
device according to Example 1 . 

Figure 8 is a waveiform diagram describing an 
operation of the signal line driver shown in Figure 7. 

Figure 9 is a diagram showing the overall 
configuration of is.n active matrix type display device 
according to Example 1* 

Figure 10 is a diagram showing the configuration 
of a signal line driver of the active matrix type display 
device according to Example 2, 

Figure 11 is a diagram showing the configuration 
of a signal line driver of the active matrix type diJ3play 
device according to Example 3 . 

Figure 12 is a diagram showing one pixel included 
in an active matrix type liquid crystal panel. 

Figure 13 is a diagram shoving an equivalent 
circuit of one pixel included in an active matrix f < "t:ype 
liquid crystal panel. 
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Figure 14 Is a waveform diagram showing an output 
waveform obtained by a signal line driving circuit oJf a 
conventional active matrix type display device, 

5 Figure 15 is a diagram showing the configuration 

of a portion of an analog driver corresponding to an i th 
signal line (where i represents an integer). 

Figure 16 is a diagram showing the configuration 
10 ojf the entire analog driver shown in Figure 15. 

Figure 17 i© a waveform diagram showing a 
waveform obtained by an analog driver method. 

15 Figure 18 is a diagram showing the configuration 

of a portion of a digital driver corresponding to an i th 
signal line (where i represents an integer). 

Figure 19 is a diagram showing the configuration 
20 of the entire digital driver shown in Figure 18* 

Figure 20 is a diagram showing the configuration 
of a binary multiple gray- steal e i3ignal line driving 
circuit corresponding to an 1 th signal line (vher« 1 
25 represents an integer). 

Figure 21 is a diagram showing a Waveform of a 

digital gray-scale oscillation signal in the case of a 

conventional 'binary multiple grayscale, signal line 
30 driving circuit. 

Figures 22JI to 22D are di^gr-*»ms.. showing output 
waveforms of a conventional binary multiple gray-scale 
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signal line driving aircuil:. 

Figure 23 is a diagram showing thB luminance 
characteristics against voltages applied to the liquid 
5 crystal of a liquid crystal display device ♦ 

Figure 24 is a diagram showing a luminance of iiset 
due to the luminance characteristics of liQiuid crystal 
against an analog video siqnal. 
10 ' 

Figure 25 is a diagram showing the .specific 
configuration of a signal line driving circuit: of an 
active matrix type display device according to Example 4 
o£ the present invention. 

15 

Figure 26 is a waveform diagram showing* a 
waveform obtained by the isignal line driving circuit 
according to Example 4, 

20 Figure 27 is a diagram showing the relationship 

between an. analog video signal and display luminance due 
to liquid crystal according to Exampl-a 4. 

Figure 28 is a diagram showing the specific 
25 configuration of a signal line driving circuit of an 
active matrix type display device according to Example 5 
of the present invention, t. 

Figure 29 shows a conventional . circuit for 

»' 

30 generating an analog polarity inversion signal. 

i 

Figure 30 ^is a signal waveform diagram describing 
an operation by the conventional circuit for generating 
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an analog polarity inversion signal .shown, in Figure 29. 

Figure 31 is a diagram showing the specific 
configuration of a signal line driving circuit of an 
active matrix type display de-vice according to Example 6 
of the present invention. 

Figure 32 is a diagram showing the configuration 
of the signal line driving circuits of an active matrix 
type display device according to Example 6 oil the present 
invention. 

Figure 33 is a signal waveform diagram describing 
an operation by the signal line driving circuits shown in 
Figure 32, 

Figure 34 is a diagr&m showing poaitlve/negertive 
applied voltage retention characteristics of a display 
panel . 

Figure 35 is a diagram showing the specific 
configuration of a signal line driving circuit of an 
active matrix type display device according to Example 7 
of the present invention. 

Figure 35 is a diagram showing the* configuration 
of the signal linr* driving circuits of an* active matrix 
type display device according to Example 7 of the present 
invention. 

Figure 37 is a waveform diagram showing a 
( waveform obtained by the signal line ..driving circuit 
shown in Figure 3!i when a pos-iitive voltage is applied. 

\ 
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Figure 38 is a waveform diagram showing a 
waveform obtained by the signal line driving circuit 
shown in figure 35 when a negative voltage is applied, 

5 Figure 39 is a diagram showing the specific 

configuration of a signal line driving circuit oi: an 
active matrix type display device according to Example 8 
of the present invention. 

10 I Figure 40 is a waveform diagram showing a signal 

waveform when the frequency of a plus signal ;Ls adequate. 

Figure 41 is a waveform diagram showing & signal 
waveform when the frequency oj: a plus signal is not *:ide- 
15 quate. 

Figure 42 is a waveform diagram showing a 
waveform obtained by the signal line driving circuit 
shown in Figure 39, 

20 

Figure 43 is a diagram showing the specific 
configuration o£ a signal line driving circuit; of an 
active matrix type display device according 1:o Example 9 
of the present invention. 

25 

Figure 44 is a waveform diagram showing a 
waveform obtained by the isignel line dxiving circuit 
shown in Figure 43. 

30 Figure 45 is a diagram showing^ the specific 

configuration of a signal line* driving circuit: of an 
active matrix type display device according to Example 10 
of the present invention. 



V 
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a waveform diagram showing a 
the signal line driving circuit 

D ESCRIPTION OF THE P REFERRED EMBODIMENTS 

Htareinafter, the present invention will be 
described by way of examples, with reference to the 
10 accompanying figures. 

■ 0- : 

An active matrix type display device in accor- ; O 
dance with the present invention generates a plurality of 
gray-scale signals by averaging binary pulse signals 

15 having duty ratios corresponding tc the levels o:f: an 
analog video signal, A signal line driving circuit; of 
the active matrix type display device of the present; 
invention converts an input analog video signal into a 
pulse signal having an appropriate duty ratio of m : n 

20 corresponding to the level of the input analog video 
signal* By allowing the pulse signal to pass through 
circuitry having the characteristics of a low-pass 
filter, an average voltage is obtained; the oscillation 
component of the pulse Eiignel is suppressed in the 

25 average voltage. By applying the average voltage having ^ 

a voltage corresponding to the level of the analog video ^ 
signal to a pixel, multiple grey-scale display or full 
color display can be achieved ♦ The circuitry extending 
from a signal line to the pixel can be utilized as the 

30 circuitry having the low-pasi;? filter characteristics to 
average the pulse signal. 

As in the case of the above-mentioned binary 



Figure 46 is 
waveform obtained by 
shown in Figure 45. 
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multiple gray-scale signal line driving circuit, the 
output o£ the signal line driving circuit of the pras-ent 
invention has only two voltage levels of high and low, 
namely, ViSH and VSL. Accordingly, as in the signal 
5 waveform :3hown in Figure 14 , the signal line driving 
circuit of the present invention outputs a pulse signal 
having a period of T, an amplitude of (VSH - VSL), arid a 
duty ratio (i.e*, VSH output time : VSL output time) of 
m: : n. By setting the period T at such a value that the 
10 level thereof is sufficiently averaged by the above-men- 
tioned low-pass filter, an average voltage of (m'ViSH + 
n'VSL) / (m + n) is charged in the pixel* 

Example 1 

15 

Figure 1 is a schematic diagram showing an 
operation of a signal line driving circuit 2 of an active 
matrix type display device according to Example 1 of the 
present invention. The signal line driving circuit 2 of 

20 the present example receives an analog vidcao signal Va 
and .converts the analog video signal Va into a pulse 
signal Va having a duty ratio corresponding to the level 
the analog video signal, and then output® the pulse 
signal Vs to a signal line. The circuitry extending from 

25 the signal line to a pixel IP(iJ), v?hich are formed in a 
display panel 1, acts as a low-passj filter la. As a 
result, em average voltage in which the oscillation 
component o£ the pulse signal Vs is suppressed is applied 
to the pixel F(i,j). Although the pixel PJ±,j'j is shewn 

30 to be separate from the low-pass filter ,1a in Figure 1 
for conciseness, the pixel P(£,J) also function*? as a 
part of the low-pass filter la. Although the clrfcui try- 
extending from the signal line to the pixel F(i,j) formed 



- 32 



S9:5185 



in the display panesl 1 is utilized a& the low-pass filter 
for averaging the pulse signal Vs in the present axample, 
it is also applicable to provide a low-pass fil- 
ter outside the display panel. 

5 

Figure 9 shows the entire configuration ofi a 
liquid crystal display device 10 of the present example. 
As shown in Figure 9, the active matrix type liquid 
crystal display device 10 includes the display panel 1, 
10 a' signal line driver 200, a scanning line driver- 300, a 
control circuit 600, and a reference signal generation 
circuit 5 « 

On. an active matrix substrate 100 included in the 
15 display panel 1, signal lin€>s 104 and scanning lines 105 

are formed in a matrix shape. Pixel electrodes 103 and 
switching elements 102 such. e« thin film transistors Are 
formed in the intersection** of the signal lines 104 end 
scanning lines 105. The signal line driver 200 generates 
20 signal line driving signals based on a signal from the 

reference signal generation circuit 5 and the analog 
video signal Va. The scanning line driver 300 drives the 
switching elements 102 so as to be on or off. The 
operations of the signal line driver 200 and the scarming 
25 line driver 300 are controlled by the control cir- 
cuit 600. 

In accordance with the display device 10, the 
respective horizontal lines of switching ^elements; the 
30 switching elements 102 are driven so as tO/be sequential- 
ly on or off by the scanning linei driver 300. If a 
signal voltage from the signal lirfe d:rlver 200 is selec- 
tively supplied to one of the pixel electrodes 1021, a- 
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liquid crystal lay&r interposed between the pixel elec- 
trode 103 and a counter electrode 101a formed on a 
counter substrate 101 is driven. Ae a result, light 
passing through th<* liquid crystal layer is modi fled by 
5 the signal voltage, whereby an image* is displayed. The 
pixel electrode 103, the counter electrode 101a f and the 
liquid crystal lay*=ir interposed therebetween constitute 
a pixel P(I,j). In the case where a storage capacitance 
is formed in parallel to the liquid crystal capacitance 

10 cheated by the pinel electrode 103, the counter elec- 
trode 101a, and the liquid crystal layer thereb€>tween 
with a view to improving the voltage retention character- 
istics, the capacitance of the pixel equals the sum of 
the liquid crystal capacitance and the storage capeci- 

15 tance. 

In the display panel 1, a Jow-p&ee filter is 
constituted by the time constants RsoOrce x Ceource of 
the signal lines 104 themselves, the time constants of 
20 the individual pixels, and the like v 

Next, the configuration and operation of the 
signal line driving circuit 2 ( ishown in Figure 1) 
corresponding to one signal line 104., included in the 
25 signal line driver 200 above, will be described with 
reference to Figures 1 to 4.. 

The signal line driving circuit 2 shown in 
Figure 1 receives an analog video signal Va and outputs 
30 a binary pulse signal Vs* The output Vs, of the *3itjnal 
line driving circuit 2 is input to one of the signal 
lines 104 of th^ display panel 1, and reaches thca pix- 
el P(i,j) via the low-pass filter la constituted by the 



- 34 - 



393185 



display panel 1. 

Figure 2 shows an exemplary output waveform o£ 
the output V» of the signal line driving circuit 2. The 
5 outptit signal V* of the signeil line driving circuit 2 has 
two levels of high and low (i.e., VSH and VSL, respec- 
tively), a period of T, and a duty ratio (i.e., VSH 
output time J VSL output time} of xtt : n, 

10 | The signal line driving circuit 2 is bo 

configurated as to vary the duty ratio of the output Vs 
thereof based on the analog video signal as shown in 

Figure 3. Since the period T of the output Vs is pre- 
scribed in view of the low-p&ss filter characteristic::;; of 

15 the display panel 1, an average voltage VT of (ni ■ VSH + 
n*VSL) / (m + n) is charged in the pixel l 3 (i,j) whore m 
and n are positive real numbers not limite to int€scf€irs . 
Accordingly, it is possible* to charge the pixel with a 
desired voltage basted on the analog video signal va- As 

20 a result, multiple gray-scale display cr full-color 
display can be attevined. 

Hereinafter, the specific configuration and the 
operation of the signal line driving circuit 2 ere 
25 described with reference to Figures 5 and 6. 

As shown in Figure 5,. the signal /line driving 
circuit 2 includes a sample and hold circuit 3 and a 
comparison circuit 4. The sample emd hold -circuit 3 
30 receives the analog video signal Va, the sampling 

r 

pulse Temp, and the output pulse OE • The comparison 
j circuit 4 receives the output of the sample and hold 
circuit 3 and a reference signeil Vref from a refeirrnnce 
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signal generation circuit !>. The output Vs of the 
comparison circuit 4 is coupled to the display panel 1. 

The sample and hold circuit 3 :Lnclude« an analog 
switch SW1, SW2 r a sampling capacitor Csmp, and a hold 
capacitor CH. The sampling capacitor Csmp is designed so 
as to have a sufficiently large capac:.tance as compared 
with that of the hold capacitor CH. 

I The comparison circuit: 4 has :input terminals of 

plus ( + ) and minua (-). The comparison circuit 4 is 
composed of a comparator operating as follows: when the 
voltage applied to the plus, terminal of the comparison 
circuit 4 is higher than that applied to the minus 
terminal thereof, the output Va equals VSL; when the 
voltage applied to the plus terminal is lower than that 
applied to the minus terminal, the output Vs equal© VSH. 

The analog video signal Va is coupled to the 
analog switch Swl , which ie controlled to be on or off by 
the sampling pulse Tamp. The sampling capacitor Camp is 
connected between the analog switches SWl and SW2. The 
capacitor Camp is connected to the hold capacitor CH and 
the minus terminal of the comparison circuit 4 via the 
analog switch SW2, which is controlled to be on or off by 
the output: pulse OIK. The reference signal Vref from the 
reference signal generation circuit 5 is coupled to the 
plus terminal of the comparison circuit 4. 

Next, the specific operation of the signal line 
driving circuit 2 will be described. The analog video 
signal Va is sampled at the sampling capacitor C*mp by 
controlling the analog switch SWl with the sampling 
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plus Tsmp, and results in a voltage Vtrap of the sampling 
capacitor Csmp. Thus, the analog video signal Va has 
been sampled* Since the* sampling capacitor Csrop is 
designed $o as to have a sufficiently large capacitance 
5 as compared with that of the hold capacitor CH, the 
voltage Vstunp of the sampling capacitor Csnip is retained 
in the hold capacitor CH as a voltage VH when the analog 
switch SW2 is turned on by the output pulae oe;. The 
retained voltage VH is substantially equal to the sampled 
10 vdltage Vsmp, 

i. X 

The reference voltage Vraf generated by the J) 
reference signal generation circuit 5 has a sawtooth- 
shaped waveform having a period of T , as shown in Fig- 

15 ure 6. The reference voltage Vref is input to the plus 

terminal of the comparison circuit 4, As shown in 
Figure 6, the comparison circuit 4 conducts ei comparison 
operation for the reference voltage vref and the retia.in.ed 
voltage VK, so as to output; the pulse signs.l Vs having 

20 two voltage levels of VSH and VSL to the display panel 1. 

Thus, the comparison circuit 4 outputs the voltagn VSH in 
the regions represented as m in Figure 6, where the 
retained voltage VH is larger than the reference volt- 
age Vref, and outputs the voltage VSL in the regions 

25 represented as n in Figure 6, where the retained volt- 
age VH is smaller than the reference voltage Vre.f . The 
pulse signal Vs is output to the display panel 1, ami is 
averaged by the low-pass filter characteristics thereof, 
owing mainly to an ON resistance. !Ron x Clc of the 

30 switching elements. Accordingly, the corresponding pi>:el 
is charged with the average voltage VLC of (m • VSH + n" 
VSL) / (m + n). 
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Finally, the operation of the signal lima driv- 
er 200 as a whole will be briefly d€jscrib€*d with refer- 
ence to Figures 7 and 8. The signal line driver 200 is 
composed of a plurality of signal line driving circuits 2 
5 of the configuration shown in Figure :3. 

Figure 7 shows the configuration of the signal 
line driver 200 of the active matri*; type display da- 
vice 10 of the present example. Figure 8 shows the 

10 output waveform of the signal . lino driving circuit 2 
corresponding to an i th ..signal line 104. As shown in 
Figure 7, the signevl line driver 200 Includes the signal 
line driving circuits 2 (shown in Figure 5) in such a 
manner as to correspond to the respective signal 

15 lines S(l) to S(N) - 

In the signal line driver 200, the input anialog 
video signal Va i® sequentially sampled in accordance 
with the sampling pulses Tswip(l), Tsmp(2), Tsiap{i), 
20 and T2imp(N), which are input to the analog switch- 

es SW1 of the respective signal line driving circuits 2* 
As a result, voltages corresponding to the respective 
signal lines S(l), S(2), ..... S(i), ... and S(N) are 
sampled ♦ 

25 

After completing tho sampling of the analog video 
signal for one horizontal scanning period* . the sampled 
voltages V«mp(l), Vsmp(2), mmmi Vsmp(i), ... and Vaiap(N) 
are transferred to the respective ho.\d capacitors CM as 
30 the output pulse OE is input to the analog 1 ' i3witches S!W2 
of the respective signal line driving circuits 2. The 
voltages retained in the* hold capacitors % CH are sequen- 
tially compared with the reference voltage Vref by the 
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comparison circuits 4 of the respective signal lirwi 
driving circuits 2, and output to the respective signal 
lines S(l) to S(N) . ' 

In the signal line driving circuit 2 correspond- 
ing to the i th signal line, the voltage of the analog 
video signal Va corresponding to the 1 th signal line* is 
sampled, in accordance with the sampling puleie Tamp (I), 
in. the sampling capacitor Gsmp(i) as the sampled volt* 
ag^ Vsmp(i). Thereafter, the iaampled voltage Vsmp(.i) is 
transferred to the hold capacitor' CH J.n accordance with 
the output pulse OE, and is compared v/ith the* reference 
voltage Vref by the corapari«on. circuit: 4* Aei a result, 
a pulse signal as shown in Figure 8 is output to the 
signal line S(i), The sampled voltage Vsinp(i) T corre- 
sponds to the above-mentioned Vsmp(:l) but aft^r one 
horizontal scanning period. 

In accordance with the display device* 10 of the 
present example having the above-mentioned configuration, 
the duty ratio (m : n) of the puis* signal Va of eiach 
signal line driving circuit 2 varies; as the retained 
voltage VH varies in response to the change in the analog 
video signal Va. As a result, the pixels can be charged 
with voltages equal or corresponding to the analog video 
signal Va. Thus, full-color display can be attained with 
a simple configuration ♦ *- 

Since the transmission characteristics of the 

i' 

signal paths from the signal line driving ^ circuits 2 to 
the pixels acting as a low-paqs filter for the above- 
mentioned pulse signals are utilized, theatre i» no need to 
separately incorporate a low-pass filter* Thus, the 
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configuration of the device can be simplif ied* 

As described above,, the unnecessary capacitances 
and resistances due to the signal lines* , which inevitably 
accompany the display device 10 of this structure, are 
utilized as a low-pass filter in the present example. 
However, it is also applicable to adapt the characteris- 
tics of the display device to the driving method accord- 
ing to the present invention by arranging the design of 
the entire display device 10 or adding a particular 
filter circuit and/or element, thereby imparting the 
display device 10 with the optimum low-pass filter 
characteristics for the averaging of the pulse signals* of 
the signal line driving circuits 2 . 

Example 2 

Figure 10 is a diagram describing an active 
matrix type display device according -so Example 2 of the 
present invention- As in Figure 5, Figure 10 ahowtj one 
signal line driving circuit 2«n in a signal line driver of 
the display device , 

As shown in Figure 10, the signal line driving 
circuit 2* includes a digital buffer circuit 6 coupled to 
the output of a comparison circuit 4 in the same signal 
line driving circuit 2 as that of Exairple 1. Thin buffer 
circuit 6 receives two voltage values VSH* end VSL. The 
output signal of the comparison circuit 4 drives signal 
lines via the buffer circuit 6. 

Next, the function and effect of the display 
device 10 of t^e present example will b$ .described- 
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In Example 1, for example, the pulse signal of 
each signal line driving circuit is eiveiraged by utilising 
the low-pass filter characteristics consisting oil the 
time constant Ron x Clc of the corresponding pixaX end 
5 the like, so as to apply voltages corresponding to the 
Analog video signal Va to the pixels* However, in ssome 
types of display panels, the low-pasa filter characteris- 
tics based on the time constant Ron x Clc of the corre- 
sponding pixel and the like may not sufficiently average 
10 -the pulse signals, thereby degrading the display Quality . 

C ) * 

O 

In Example 2, the signal line driving circuit 2a 
includes a digital buffer circuit 6 In an output stage 

15 side thereof. By prescribing or adjusting the output 

impedance of the buffer circuit 6 to toe a desired value, 
it become© possible to adjuist the low-pass, filter charac- 
teristics of the paths from the outputs of the 3ignal 
line driving circuits 2a to the pixels, whereby the 

20 display quality can be improved* 

Example 3 

Figure 11 is a diagram describing an active 
matrix type display device according- to Example 3 of the 
25 present invention. As in Figure 5, Figure 3L1 shows one 

signal line driving ci rcult 2b in a signal line driver of ^ 
the display device* 

As shown in Figure 11, the signal line driving 
30 circuit 2b includes a digital buffer circuit 7* The 
difference between, the buffer circuit G of Example 2 and 
z the buffer circuit: 7 of the present example is that the 
buffer 7 receives J3ND, instead of VSL, in addition to 

\ 
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VSH- The output eiignal of the comparison circuit 4 
drives signal linen via the buffer circuit 7 as in 
Example 2 . 

Therefore, the pulse signals provided ;by the 
signal line driving circuits 2b o£ the present example 
have two voltage levels of VSH and COT. The avaragad 
voltages to be applied to tho pixels axe voltages such as 

VT = m ' V8H / (m + n),. corresponding to an analog video 

j 

signal Va. 

By thus configurating the display device., it 
becomes possible to omit the external voltage VBL, 
thereby allowing further reduction in cost and power 
consumption. 

Exam ple 4 

Figure 25 is a diagram describing an active 
matrix type display device according to Example 4 of the 
present invention. As in Figure 5, Figure 25 shows one 
signal line driving circuit 2c in a signal line, driver of 
the display device. Figure 26 is » waveform diagram 
showing the respective waveforms, of a pulse signal output 
by the signal line driving circuit 2c, and a correction 
reference signal Vrafh to be input, to a comparison 
circuit 4a of the signal line driving circuit 2c. Fig- 
ure 27 is a diagram showing the relationship between an 
analog video signal and display luminance due to liquid 
crystal according to the present example. 

In Figure 25, reference numeral 50 denotes a 
correction reference signal generation circuit for 
generating the correction reference signal Vre£h, which 
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takes into account the non-linear relationship between a 
voltage applied to liquid cry still and the display lumi- 
nance due to the liquid crystal. To a plus terminal of 
the comparison circuit 4a of the signal line driving 
circuit 2c, the correction reference signal Vrefh is 
input, instead of a reference signal having a sawtooth 
shape as that used in Example 1. 

As shown ii\ Figure 23, the transmittance charac- 
teristics o£ liquid crystal, i.e., the relationship 
between the luminance o£ a liquid crystal display panel 
and a voltage applied to the liquid crystal are not 
linear; that is, the change in luminance per a unit 
change in the voltage applied to the liquid crystal is 
not constant. Therefore, as shown in Figure 24, if the 
analog video signal Va itself is input: to the signal Line 
driving circuit 2 in Example 1, the analog video .'sig- 
nal Va may have a luminance offset of Al at level v*l, 
for example. This results in the actual displ&y b^ing 
darker by AL than the luminance Lval corresponding to 
level V*l of the original analog video signal Va , 

In the present example, as tihown in Figure 26, 
the output of a sample and hold circuit 3 (Figure 35) 
corresponding to the analog video signal Va is compared 
with the correction reference signal Vr©l!h, and the 
signal lines of a display panel 1 a.r* driven by a pulse 
signal Vs having a duty ratio in accordance with the 
comparison results. The* correction reference sig- 
nal Vrefh is such that, when an average value of the 
pulse signal Vs having a duty ratio corresponding to the 
comparison results (to be larger ox smaller) with the 
analog video signal Va is applied to liquid crystal, the 
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analog video signal Va achieves linear relationship with 
the luminance due to the liquid crystal, as shown in Fig- 
ure 27- 

In acoordiince with the display device 10 of the 
present example having the above-mentioned configuration, 
the following advantages are provided in addition to 
those obtained according to Example 1: The sampled values 
of the analog video signal Va are compared with the 
correction reference' signal Vrefh, which takes into 
account the non-linear relationship between a voltage 
applied to liquid crystal and the display luminance due 
to the liquid crystal, and an average voltage level of a 
pulse signal Vs having a duty ratio in accordance with 
the comparison results is applied to the pixel elect-ode 
constituting each pixel, thereby ensuring that linear 
relationship holds between the analog video signal and 
the luminance due to the liquid crystal. As a result, it 
becomes possible to prevent luminance, offsets due to the 
non-linear relationship the voltage applied to liquid 
crystal and the display luminance due to the. liquid 
crystal without incorporating a high-.speed analog correc- 
tion oircuit for correcting the analog video signal in 
view of the non-linear relationship. 

Example 5 

Figure 28 is a diagram describing on active 
matrix type display device according to Example 5 of the 
present invention. As in Figure 5, Figure 28 shows one 
signal line driving circuit 2d in a signal "line driver of 
the display device. 



In Figure 28 , reference numeral 50a denotes a 
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correction reference signal generation circuit for 
generating a correction reference signal Vrefy, which 
takes into account a Y correction, to which a television 
video signal is subjected. To a plus terminal of a 
comparison circuit 4b of the signal line driving cir- 
cuit 2d, the correction reference signal VrafT is input, 
instead of a reference signal having a sawtooth shape as 
that used in Example 1. 
i' 

j Among various analog video signals, authentic 

video signals for television broadcast, e.g., an NTSC 
type, are subjected to a Y correction ( Y - 1/2.2) on the 
transmission side ho that the display on a cathode ray 
tube attains y " 1 / thereby preventing luminance off eats 
in the luminance of the cathode ray tube with respect to 
the video signal. As a result, the burden on the Image 
receiving tube is reduced. The Y correction may be 
defined as a video-signal correction carried out for a 
television signal on the transmission aide in order to 
correct the radiation luminance o£ a cathode ray tuba- 
type television. 

The transmittance characteristics ( lurn5-imnoe 
characteristics) of liquid crystal vith reupect. to an 
input video signal voltage (voltage applied to liquid 
crystal) ere different from the radiation luminance 
characteristics of a cathode ray tube with/ respect to a 
video signal. Therefore, if a television video signal is 
input to a liquid crystal display device without baing 
corrected on the liquid crystal display device side, the 
gray-scalei luminance characteristics are not properly 
reproduced by the liquid crystal ^display.. device, thereby 
resulting in unsatisfactory display images. 



\ 
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In the present example, as shown in Figure 3B, 
the output of a sample and hold circuit 3 corresponding 
to the above-mentioned analog video signal Va is comported 
with the correction reference signal Vrefy, and signal 
5 lines of a display panel 1 are driven by a pulsje sig- 
nal Vs having a duty ratio in accordance with the compar- 
ison results. The correction reference signal Vrefy is 
such that, when an average value of the pulse signal Vs 
having a duty ratio corresponding to the comparison 
10 results with the analog video signal Va subjected to the 
Y correction is applied to liquid crystal, display is 
achieved based on proper gray-scale luminance character- 
istics, with the y correction having been corrected - 

15 In accordance with, the display device o£ the 

present example having the above -mentioned configuration, 
the following advantages are provided in addition to 
those obtained according to Example 1: The sampled values 
of the analog video signal Va are compared with the 

20 correction, reference sign&l Vrefy / which takes into 
account the y correction performed for television -video 
Bign&ls, and an average voltage laved of a pulse sig- 
nal V© having a duty ratio in accordance with the compar- 
ison results is applied to the pixel electrode constitut- 

25 ing each pixel, thereby ensuring that display is achieved 

based on proper gray-scale luminance characteristics, 
with the Y correction having been corrected, A .a a 
result, even when tan analog video sicrnal, e.g., that of 
the NTSC type,, is input to a liquid crystal diisplay 

30 device, it is possible to obtain optimum d'istplay Images 
on the liquid crystal display device without b^ing 
influenced by the Y correction, which is performed for 
television video signals on the trarii3n,ission side for the 
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sake of display using cathode ray tubeo. 
Example 6 

Figures 31 and 32 are diagrams describing an 
active matrix type display device according to Examjila 6 
of the present invention. Figure 31, corresponding to 
Figure 5, shows one signal line driving circuit 2a in a 
signal line driver of the display device. Figure 32, 
corresponding to Figure 7, shows the entire configuration 
of! a signal line driver 200 composed of a plurality of 
signal line driving circuits 2e. Figure 33, correspond- 
ing to Figure 8, is a timing diagram showing the output 
waveform of the signal line driving circuit 2e corre- 
sponding to an i<» signal line of the signal line driv- 
er 200. As shown in Figure 32, the signal line driv- 
er 200 includes the signal line driving circuits 2e 
(shown in Figure 31) in such a manner «s to correspond to 
the respective signal lines S(l) to B N ) . 

As shown in Figure 31, a video signal va is input 
to the signal line driving circuit 2e . The output -of a 
comparison circuit 4C is coupled to one of the input 
terminals of an EXCLUSIVE NOR gate 8. A polarity invers- 
ion signal POL is coupled to the other input of the 
EXCLUSIVE NOR gate 8. The output Of the EXCLUSIVE NOR 
gate 8 drives the corresponding signal line. When the 
polarity inversion signal For, is at a high level, the 
EXCLUSIVE NOR gate 8 outputs the same waveform of as that 
of the output of the comparison circuit 4C. When the 
polarity inversion signal 1P0L is at a low level,, the 
EXCLUSIVE NOR gate 8 outputs a waveform obtained- by 
inverting that of the output of the comparison oir- 
1 cuit 4C. in other words, the duty ratio of the pulse 



\ 
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signal is logically inverted; for example, a duty ratio 
of m : n would be logically inverted into n : m. 

• The video signal Va is a vide.o signal commonly 
5 used for display by cathode ray tubes or the like. In 
the case of a conventional liquid crystal display device 
or the like which requires a.o. driving, it is required 
to convert the video signal Vm into an a.c. signal by a 
high-speed analog polarity inversion signal generation 

10 circuit, such as that shown in Figure 29, and input the 
resultant a.o. signal to the signal line driving circuit 
as the analog video signal V* as shown in Figures El and 
9. However, according to the present invention, a 
waveform similar to that of the output Vs(i) shown in 

15 Figure 8 can be obtained by simply inputting the video 
signal Va, as shown in Figure 33. 

Example 7 

As described in Example 6, tho present invention 
20 makes it possible to achieve a.c. driving by using simple 
logic circuitry and prevent a d.c. voltage frcm biatng 
applied to pixels, thereby preventing the deterioration 
of the liquid crystal material of the pixels. However, 
in certain types of display panels, the application of a 
25 positive voltage end a negative voltage having the same 
absolute value to a pixel electrode may result in a 
difference between the absolute values pf. respective 
retained voltage levels. In other words, imeroly invert- 
ing the polarity of a video signal may create a differ- 
30 ence between the positive end negative voltage level* re- 
tained in the pixel. This causes flickering of images, 
and may develop an after-image phenomenon. 
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Figure 34 is a penal characteristics diagram 
showing the relationship between voltiiges retained in a 
pixel with respect to voltages applied to the pixel, m 
Figure 34, the scale of the axis o£ ordinate is no 
designed that positive voltages applied to the pineal 
exhibits linear relationship with the voltages retained 
in the pixel. Therefore, a positive voltage Kpos is 
retained in the pixel when a positive voltage Vsl is 
applied to the pixel. However, when a negative volt- 
age Vsl (having the same absolute level as the positive 
voltage Vsl) is applied to the pixel,, a negative volt- 
age Kneg is retained in the pixel, which has a different 
absolute value from that of a negative voltage Kpo*. 
Thus, there is an offset of Avz in the voltage retained 
in the pixel between the case where the positive volt- 
age Vsl is applied and the case where the negative volt- 
age Vsl is applied. in order to ensure that the eaaa 
voltage value Kpo* is retained in tha pixel by applying 
a negative voltage thereto, a negative voltage V.2, 
instead of Vsl, should be applied to the pixel. 

Figures 35 and 36 are diagrams describing an 
active matrix type display device according to Example 7 
of the present invention. Figure 3!!, corresponding to 
Figure 5, shows one signal line driving circuit 2f in a 
signal line driver of the display device. Figure 36, 
corresponding to Figure 7, shows the entire, configure t:Lon 
of a signal line driver 200 composed of a plurality of 
signal line driving circuits 2£. Figure 37 is a waveform 
diagram nhowing a reference signal Vrefp- for positive 
voltages, which is employed in the case" oJ: applying a 
positive voltage to the pixels. Figure 38. is a waveform 
diagram showing a reference signal Vrtf n for negative 
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voltages, which is employed in the case of applying a 
negative voltage to the pixels. 

As show in Figure 35, the reference signal Vi:o*p, 
which is generated by a reference signal for positive 
voltages generation circuit HI, is coupled to one of the 
input terminals of an analog switch swll; the reference 
signal Vrefn, which is generated by a reference sig- 
nal for negative voltages generation circuit !52, is 
coupled to one of the input terminals of an analog 
switch 6W21: The respective other inputs of the analog 
switches SW1X and SW21 are coupled to a plus terminal o£ 
a comparison circuit 4d. The analog switch SW11 is 
directly controlled by the polarity inversion signal POL, 
whereas the analog switch SW21 Is controlled by a signal 
obtained by logically inverting the polarity inversion 
signal POL in an inverter INV11 . Accordingly, the 
reference signal Vs-efp for positive voltages is input to 
the comparison circuit 4d as a reference signal when a 
. positive voltage is applied to the pixel; the reference 
signal Vrefn for negative voltages is input to the 
comparison circuit 4d as a referer.ce signal whan a 
negative voltage is applied to the pixel, in the preeent 
example, control is so made that, in the case where a 
positive voltage vsl is applied to the pixel as uhown in 
Figure 37 r the reference eignal V>:e£n for negative 
voltages is generated so that the nogetive voltage VsM is 
applied to the pixel, thereby compensating for the 
offset AVz of the voltage retained In the pixel when 
applying a negative voltage as shown in Figure 38. By 
thus driving the signal line with the' output of an 
EXCLUSIVE NOR gate 8 controlled by the polarity inversion 
signal POL, the voltage +Rpos is retained in the' pixel 
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when ei positive voltage i8 applied, and the voltage -Kpoa 
is retained in the. pixel when a negative voltage is 
applied. As a result, it i«i made portable to prevent: a 
d.c. component from being applied to the pixels, and a 
high-quality display device can be realized free of 
flickering or the after-image phenomenon. 

Example 8 

Figure 39 Is a diagram describing an active 
matrix type display device according to Example 8 of the 
present invention. Figure 39, corresponding to Figure !>, 
shows one signal line driving circuit :ig in a signal line 
driver of the display device. To a plus terminal oC a 
comparison circuit 4e of the signal line driving cir- 
cuit 2g, a variable cycle reference signal vrefup is 
input, instead of the reference signal Vref generated by 
the reference signal generation circuit S shown in 
Figure 5. The variable cycle reference signal vreffnp is 
generated by a variable cycle reference signal generation 
circuit 53. 

As described above, -the path >irom the outputs of 
signal line driving circuits to pixel s have the charac- 
teristics of a low-pass filter, which are substantially 
determined by the time conn te nts Ron x Clc of the indi- 
vidual pixels, rather than the time constant Raource * 
Csource of the signal line* themselves. f 

Accordingly, in ordeir to apply en average voltfige 
of a pulse signal to a pixel, it is necessary to pre- 
scribe the cycle of the pulse signal at such a value, that 
the pulse signal is sufficiently averaged by the above- 
mentioned low-pans filter, as! shown in Figure 40. 
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However, the signal lines are load capacitors to the 
signal line driving circuit*, so that it is required to 
repeat charging/discharging of the output o£ the signal 
line driving circuit at the same cycle as that of the 
pulse signal thereof. Accordingly, the power consumption 
of the signal line driving circuit inevitably increase* 
as the frequency of the pulwe signal increases. On the 
other hand, if the frequency of the pulse signal ia too 
low in view of the low-pass filter characteristics , the 
pulse signal is not sufficiently averaged as shown in 
Figure 41. As a result, an appropriate voltage is not 
applied to the pixel, thereby degrading the display 
quality. 

As shown in Figure '12, the vaxiable cycle refer- 
enda signal Vrefup generated by the variable cycle 
reference signal generation circuit 53 is controlled bo 
that the cycle thereof satisfies the following relation- 
ship during the same vol tegs-writing period (i.e., Hnyuc 
in the case of the present example): 

TO a TJ. 2 T2 2 5J Tx (eq. 1) 

In other words, the frequency of the variable 
cycle reference signal Vreftip gradually increases. 
Accordingly, the cycle of the pulse signal of the signal 
line driving circuit 2g also satisfies eq. 1, and the 
duty ratio thereof satisfies: 

mO : nO => ml : nl - m2 : n2 « . - mx '• l ' lK 

( ©q . 2 ) 

i 

Therefore-, with respect to the' same voltage- 
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writing period, the frequency of the pulse signal it? so 
low that the pulse signal iu not sufficiently averaged 
when the voltage has just started being applied to the 
pixel, but the frequency of the pulse signal gradually 
increases, so that the puis* signal is sufficiently 
averaged when the application of the voltage to the pixel 
is complete, as shown in Figure 40. Therefore, it is not 
necessary to prescribe the cycle of f.ne pulse signal to 
be high enough for the pulse signal -co be sufficiently 
averaged by the above-mentioned low-pasa filter. he a 
rJeult, the power consumption of the display device can 
be reduced. 

Example 9 

Figure 43 is a diagram describing an active 
matrix type display device according 1:0 Example 9 of. the 
present invention. Figure 44 is a waveform diagram for 
describing the operation of the display device show.!, in 
Figure 43. Figure 43, corresponding to Figure 5, ahowe 
one signal line driving .circuit 2h in e signal line 
driver of the display device. As shown in Figure, -13. in 
the display device of the present ex.ajnp.le, the output of 
a comparison circuit 4£ is coupled to a signal line via 
a variable impedance element 80. Therefore, the imped- 
ance of a signal path of a pulse signal output from the 
comparison circuit 4f equals the sum of the impedance of 
the variable impedance element 80 and the impedaactt of 
the circuitry from the signal line to a pixel (which ore 
formed in the display panel 1). By adjusting the imped- 
ance of the variable impedance element 80, the impedance 
of the signal path of the pulae signa?. can be controlled. 
In other words, this frequency characteristics of the low- 
pass filter for averaging the pulse signal can t-e con- 
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trolled. 

A referenda signal Vref30 shown in Figure. 44 
is input to a plus terminal of the comparison circuit 4,f . 
Th© variable impedance element 80 shown in Figure 4.-1 is 
controlled by a control signal Vconi:. In the present 
example, auoh control is made that the resistance value 
of the variable impedance element 80 increases in propor- 
tion to the level of the control signal Vcoxrt. 

j 

I As described above, the path from the outputs of 

signal line driving cirauits to pixels have the charac- 
teristics of a low-pass fiittar, and the characteristics 
are substantially determin€id by the time constants Hon x 
Clc of the individual pixels, rather than th*> tine 
constant Rsource >c Csourcta of the signal lines them- 
selves. However, in certain types of display panels 
having small values of Ron and Clc, the frequency of the 
pulse signal as determined by the cycle T30 of the 
reference signal Vref30 may be not sufficient to ensure 
that the voltage applied to the . pi*:el is sufficiently 
averaged. As a result, an appropriate voltage is not 
applied to the pixel, thereby degrading the display 
quality. On the other hemd, the pulse signal can be 
sufficiently averaged by siimply Increasing the* output 

impedance of each signal 1:1 n«i driving circuit, but It is 

impossible to reach the desired volte-.ge value within the 

same voltage-writing period in this case,. 

According to the present oxemple, t , the output of 
the comparison circuit 4f is coupled to the signal line 
via the variable impedance element 80 having ;i resis- 
tance Rcont* Therefore, the low-pass filter characteris- 
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tics are determined by a time constant (Rcont Hon) x 
Clc, rathnr than the time constants Ron x Clc of the 
individual pixels* Consequently, as uhown in Figuiro 44, 
control iu so mad«* that th<a level of th«» control sig- 
nal Vcont gradually increai?eEi within the same voltiaga- 
writing period (i.e., Hsync in the case of the present 
example), so that: the resistance value Rcont of the 
variable impedance element 8G also gradually increases. 
Thus, it becomes possible to sufficiently average the 
voltage applied to the pixel and to reach the desired 
voltage value even in the case of a display panel having 
such low values of Ron and Clc that the frequency of the 
pulse signal as determined by the cycle T30 of the 
reference signal Vre£30 cannot ensure that the voltage 
applied to the pix«.l is sufficiently averaged, praventiing 
an appropriate voltage from being applied to the pi^sel* 

Example 10 

Figure 45 is a diagram describing an active 
matrix type display device according 1:0 Example 10 of the 
present invention. Figure 45, corresponding to Figure 43 
employed in Example 9, show** ones signal line driving cir- 
cuit 2i in a signal line driver of the display device. 
Table 1 illustrates the operations of an output buifer 
circuit 85 of the signal line driving circuit 21 having 
the configuration shown in Figure 45* Figure 4»5 is a 
waveform for describing the operations of the signHJ. line 
driving circuit 21 shown in Figure 4iS. 
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TABLE 1 
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As shown in Figure 45 , according to the pre.-a&nt 
example, the output: of a comparison circuit 4g is coupled 
to a signal line via the variable impedance output buff- 
er 85, A reference signal Vr«f30 is input to a plus 
terminal of the comparison circuit 4g as in Exempli 9* 
The variable impedance output buffer 85 is controlled by 
control signals CNT1 and CNT2 * The variable impedance 
output buffer 85 includes: a first buffer composted of. a 
PMOS transistor PI and an NMOS transistor Nl; e. second 
buffer composed of a PMOS transistor P2 and an NMOS 
transistor N2; a third buffer composed of a PMOS transis- 
tor P3 and an NMOS transistor N3; end logical elements, 
i.e., inverters XNV20, XNV21,. and INV22, gates JUfDl 

and &ND2, and OR gates ORl and OR2 • 

A.«3 seen from Table 1, the variable impedance 

it- 

output buffer 85 operates @.s follows. 

When the control signals CNTL and ,CNT2 ure. both 
pt ei high level, the first buffer, th.« second buffer, and 
the third buffer all operate so as to drive th<a istignal 
line. 
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When the control signals CNTl is at 6 high IcjvoI 
and CNT2 is at a low level, the first buffer and the 
second buffer operate so to drivo the signal Mna. 
The PMOS transistor P3 and the* NMOS transistor N3 or? the 
5 third buffer are in an off- state irrespective c£ the 
output of the comparison circuit 4g, so that the -chird 
buffer is not involved in th<& driving o£ the signal line. 

When the control signals CMT1 and CNT2 er« tooth 
10 at a low level, the ' PMOS transistor P2 and the ?<M0S 
transistor N2 of the second buffer, ax.d the PMOS transis- 
tor P3 ancji the NMOS transistor N3 o£ the third bujffer are 
all in an off- state irrespective of the output of the 
comparison circuit 4g, so that neither the second buffer 
15 nor the third buffer is involved in the driving of the 

signal line. Only the first buffer operates so ai-i to 
drive the signal line. 

Since a buffer circuit composed of PMOS und NMOS 
20 transistors has ftome output impedance due to the ON 

resistance of the MOS transistors, so that the* output 
impedance of the output circuit can be varied depending 
on the number of output buffers which drive tho signal 
line at the same. 

25 

As shown in Figure 46, with respect to the same 
voltage-writing period (i.e., Hsyne in the cbsei of the 
present example), the control signals CNTl and CKT2 are 
both at the high level when the writing has just started, 
30 so that the all of the first", second, ar4 third output 
buffers drive the signal line. Next, the control sig- 
nal CNT1 remains at the high' level and the control signal 
shifts to the low level, so' that the first and second 
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buffers drive the signal line* In trie leitter stag* of 
the voltage-writing period, the control signals CKTl and 
CNT2 are both at the low lavol, so that only the first 
buffer drives the signal line. Thus, the* number of 
output buffers for driving the signal lints is gradually 
decreased within the same voltage-writing period, thereby 
gradually increasing the output impedance of the output 
circuit. Accordingly , as shown in Figure 46 , it becomes 
possible to sufficiently average the voltages applied to 
the pixel and to reach' the desir-ed voltage value even in 

i 

the case of a display panel such that the ilreQuency of 
the pulse signal ivn determined by the cycle T30 of the 
reference signal Vref30 cannot ensure that the voltage 
applied to the pixal is sufficiently averaged, preventing 
an appropriate voltage from being applied to the pUr.el. 

As described above, according to the present 
invention., it is ensured ■ that the duty ratio of o pulse 
signal for driving a signal line varies in accordance 
with the signal level of an analog video signal. More- 
over, the pulse signal is averaged by the low-pass filter 
characteristics of the signal path, from a signal line 
driving circuit to a pixel, so that an average voltage of 
the pulse signal is applied to the pixel. 

Accordingly, it is possible to apply a ck^i-ired 
voltage to the pixel by simply using ;v binary pulse 
signal, thereby realizing multiple gray-scale display or 
full-color display. As ci result, it is possible to 
realize multiple gray-scale signal line driving circuit- 
ry, reduce the cost end power consumption, and increase 
the degree, of integration, 

k 

\ 
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By so . configurating the signal line driving 
circuit as to include a digital buffe:: circuit connected 
to the signal lin© and having at least two output voltage 
levels so as to drive the signal line in accordance with 
the output signal of the digital buffer circuit, end 
prescribing one of the output voltage levels to be the 
GND level, it becomes possible to achieve driving busied 
on a full-color signal line, driving system with ti single 
power supply* 
I 

By utilizing the transmission character i*3 tics of 
a signal path from the signal line driving circuit to the 
pixel as a low-pasa filter, there is no need for particu- 
larly constructing a low-paos filter- Thus, the configu- 
ration of the device can bo. enimpli f iod. 

Also according to the present invention, when 
converting an analog video signal into a puleo ciignal 
having a duty ratio corresponding to the analog video 
signal, the relationship h»3tv;'ee.n the analog video signal 
and the display luminance of the liquid crystai is 
prescribed to be linear, so that luminance offsets due to 
the luminance characteristics of the display device* can 
be prevented, whereby a high-quality display devices can 
be realized. 

Also according to the present invention, sampled 
values of an analog video signal stre compared with a 
correction reference signal, and a pulse signal having a 
duty ratio corresponding to the signal level of the 
analog video signal and having gray-scale luminance 
characteristics ift which the influence of Y is corrected 



- 59 



S9:;ia85 



is generated so as to be output to the signal line ma a 
signal line driving signal, As a insult, even whun a 
video signal, e.g., that of the NTSC type which is 
intended for television broadcast, is input to the liquid 
crystal display device, it is possible to obtain optimum 
high-quality display images on the liquid crystal display 
device without being influenced by the y correction, 
which is performed for television video signals on the 
transmission side for the isake of display using cathode 
rjay tubes., 

Thus, in accordance with en active matrix type 
display device for analog video signals of the present 
invention,, the cost and power consumption can be reduced 
and the response speed can be increased, without requir- 
ing output stage analog buffers o:r analog switches. 
Since various digital video signals or control signals 
are not reiquired, the peripheral circuitry can be simpli- 
fied, and the degree of integration increased. Further- 
more, it is possible to realize a full-color active 
matrix type display device having ;a. signal line driving 
circuit with a single power supply. 

Also according to the present invention, it is 
unnecessary to perform a correction for the. loniirmnc© 
characteristics of the display device itself or subject 
the enalog video signal itself to a signel processing, 
which would otherwise be required for correcting for the 
Y correction performed for display employing cathode ray 
tubes. Therefore, any high-speed analog correction 
circuitry capable of processing the video signal bemds, 
intended for such signal processed/ .can be omitted, 
whereby the cost can be reduced, the peripheral circuitry 
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can be simplified, and the degree of integration aim be 
increased. 

Also according to the present invention, when 
converting an analog video signal into a pulB© signal 
having a duty ratio corresponding to the analog video 
signal so as to be output to the signal line, the duty 
ratio of the pulse signal is logically alternately- 
inverted in a periodic manner by usLng a simple logic 
operation circuit before the pulse signal is output. As 
a result, a.c. driving can be realized without Incorpo- 
rating a high-speed analog polarity inversion signal 
generation circuit capable* of processing the band of 
analog video signals. Thus, the cost and power consump- 
tion oan be reduced and the degree of integration can be 
increased. 

Also according to the present invention, -when 
converting an analog video signal into a pulse signal 
having a duty r.st.io corresponding to the analog video 
signal ..so as to. be output to the signal line, the duty 
ratio of the pulse signal is logically alternately- 
inverted in a periodic manner by using a simple logic 
operation circuit before the pulse signal is output, and 
the difference in the retention characteristics of the 
display panel between positive end negative voltages. As 
a result, optimum image quality can be provided, free 
from flickering or after-images due to the difference in 
the voltage retention characteristics between plus, end 
minus voltages. 

Also according to the present .. invention, when 
converting an analog video signal into a pulse signal 
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having a duty ratio corresponding to the signal lave.*!, of 
the analog video signal so as to be output to the Hignal 
line, the frequency of the puis© signal to be output to 
the signal line, which is a load capacitance, can be 
5 varied to a desired value. As a result, th<* power 
consumption of the device can be reduced* 

Also according to the present invention, v/hen 
converting an analog video signal into a pulse signal 

10 having a duty ratio corresponding to the signal lev»a;i of 
the analog video signal so as to be output to the .signal 
line, the output impedance of the signal line driving 
circuit can be varied to a desired value . h& a. result, 
even in the case oil a display panel in which the low-pass 

15 filter characteristics of a path from the output of the 
signal line driving circuit to the pi*;el do not allow the 
pulse signal to be sufficiently averaged, thereby degrad- 
ing the display quality, optimum image quality can be 
provided ♦ 



20 



Various other modifications will be apparent to 
and can be readily made by those skilled in th*s art 
without departing from the scope eaid spirit of this 
invention. Accordingly, it is not: intended that the 
scope of the claims appended hereto be limited to the 
description as s€>t forth herein, but rather that the 
claims be broadly construed. ; 
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Wh at is claimed is : 

1. An active matrix type display device comprising:: 

e display panel including a plurality oi? piiKttle 
arranged in a matrix shape, scanning lines connected to 
the plurality of pixels, and signal lines connect&d to 
the plurality of pixels; and 

a signal line driving circuit for receiving an 
analog video signal and driving er.ch signal line in 
Accordance with a signal line driving signal correspond- 
ing to ,a signal level of the analog video signal , 

wherein the signal line driving circuit gencMutee 
a pulse signal having a duty ratio corresponding to the 
signal level of the analog video signal and outputs.: the 
pulse signal, 

2. An active matrix type display device according to 
claim 1, wherein the signal line driving circuit in- 
cludes: 

a sample and hold circuit for sampling the an.Ei.log 
video signal and generating a retained signal; 

a reference signal gen^rat ion circuit for gener- 
ating a reference signal; and 

a comparison circuit for comparing the retained 
signal with the reference signal anc. outputting n pulse' 
signal having a duty ratio corresponding to the signal 
level of the analog video signal. r. 

3. An active matrix type display device according to 
claim 1, wherein the signal line driving circuit includes 
a digital buffer circuit connected to the signal line and 
having at least two output voltage levels, and drive* the 
signal line with an output eigne! oJ: the digital buffer 
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circuit, 

4. An active matrix type display device according to 
claim 3, wherein one of the two outpue voltage level* is 
a GND level. 

5. An active matrix type display device according to 
claim 2, wherein the pulse signal is a binary pulse 
signal. 

6. An active matrix type display device according to any 
of claims 1 to 5, wherein the signal line driving circuit 
outputs the pulse signal to the signal, line, and circuit- 
ry from the signal line to the corresponding onta of the 
pixels functions as a low-pass filter fox the jnilse 
signal* 

7. A method for driving an active matrix type display 
device to which an analog; video signal is input, the 
method comprising the steps of: 

generating a .pulses signal having a duty ratio 
corresponding to a signal level o5: the analog video 
signal; and 

averaging the pulse, signal and applying an 
average voltage to a pixel. 

8.. An ^Gt^Lv:e_jnatr1?< typn display device according to 
claim 1, wherein the signal line driving circuit controls 
the duty ratio of the pulse signal so that the relation- 
ship between the signal level of the analog video signal 
and display luminance of the pixel* is kept linear. 
' ( 

9. An active matrix type display -device according to 
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claim 2, wherein the reference signal is a corruot:ion 
reference signal for correcting -the non-lineeir relation- 
ship between the signal level of the analog video aiynal 
and display luminance of the pixels, and 

the comparison circuit compares the retained 
signal with the correction reference signal so &b to 
generate a. pulse signal corresponding to the tsignal iavel 
of the analog video signal, and controls th€i duty ratio 
o,£ the pulse signal so that the relationship between the 
s'ignal level of the analog video signal and the display 
luminance of the pixels in kept linear* 

10. An active matrix type display device according to 
claim 9, wherein the pule© signal is a binary pulse 
signal • 

11. An active matrix type display <3^v;.ce according to any 
of claim** 8 to 10/ wherein the signal line driving 
circuit outputs the pulse oignal to the signal ILnei, and 
circuitry from the signal line to the corresponding one 
of the pixels functions as a low-pass filter for the 
pulse signal. 

12* A method for driving an active matrix type disiplay 
device according to claim 7, wherein the step o£ gcmorat- 
ing the pulse signal includes a step of controlling the 
duty ratio of the pulse signal so tt.at the relationship 
between the signal level of the analog video signal and 
display luminance of the pixel 8 is kept linear. 

13. An active matrix type, display device according to 
claim 2, v/herein the reference signal - is a correction 
reference signal for correcting for a 'f correction 



\ 
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performed for the analog video signs:,, and 

the comparison circuit compares the retained 
signal with the correction reference signal bo am to 
generate a pulse signal corresponding to the signal level 
5 of the analog video signal, and controls the duty ratio 
o£ the pulse signal so as to correct for the y correction 
performed for the analog video signal - 

14. An active matrix: type display device according to 
10 dlaim 1, wherein the signal line driving circuit further 

includes a comparison circuit for alternately inventing 
the duty ratio of the pulse signal in a periodic manner. 

15. An active matrix type display device according to 
15 claim 2, wherein the signal line driving circuit further 

includes a logic operation circuit , and 

the logic operation circuit receives an output of 
the comparison circuit and a polarity inversion (Signal 
and perform© a logic operation so a 3 to output: t\ poise 
20 -signal obtained by logically alternately-inverting a 
signal having a duty ratio corresponding to the (5.1gnal 
level of the analog video signal. 

16- An active matrix type display device according to 
25 claim 15, wherein the pulse signal is a binary pulse 
signal. 

17. An active matrix type display device according to any 
of claims 14 to 16, wherein the nignal, line driving 
30 circuit outputs the pulse signal to the signal line,, and 
circuitry from the signal line to the corresponding one 
of the pixels functions as a low-pass; filter for the 
ptflse signal. 



V 
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18- A method for driving an active matrix type display 
device according to claim 7, wherein the step of generat- 
ing the pulse signal includes a step of inverting the 
duty ratio of the pulse signal and generating a pulse 
5 signal obtained by logically alte* nately-inverting a 
signal having a duty ratio corresponding to the signal 
level of the analog video signal. 

19. An active matrix . type display device according to 

i 

10 dlaim 14, wherein the signal line driving circuit in- 
cludes a comparison circuit for controlling the duty 
ratio of the pulse signal so. as to correct for differenc- 
es in voltage retention characteristics of the display 
panel between positive voltages and negative voltages. 

IT) 

20. An active matrix type display device according to 
claim 15, wherein the reference signal is a correction 
reference signal for correcting for differentia in 
voltage retention characteristics or? the display panel 

20 between positive voltages and negative volttages, and 

the comparison circuit comperes, the retained 
signal with the correction reference signal and outputs 
a result of the comparison to the logic operation cir- 
cuit. 

25 

21. An active matrix type display device according to 
claim 20, wherein the pulse signal is a binary pulse 
signal. 

30 22. An active matrix type display device according to any 
of claims 19 to 21, wherein the signal line driving 
circuit outputs the pulse signal to the.signal line, and 
circuitry from the signal line to the corresponding one 
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of the pixels functions as a low-pass filter for the 
pulue signal. 

23. A method for driving an active matrix type display 
5 device according to claim 18, wherein the step of Gener- 
ating the pulse signal includes a stop of correcting for 
differences in voltage retention characteristics of a 
display panel* 

10 ^4. An active matrix type display device according to 
claim 1, wherein the signal line driving circuit Includes 
means for varying a cycle of the pulse signal. 

25; An active matrix type display <3cvice according to 
15 claim 2, wherein the reference signal is a "reference 
signal having a varying cycle. 

26 ♦ .An active matrix type display device according to 
claim 25, wherein the pulse signal is a binary pulse 
20 signal* 

27. An active matrix type display device according to any 
of claims 24 to 26, wherein the signal line driving 
circuit outputs the pulse signal to the signal line, and 

25 circuitry from the signal line to the corresponding one 5 -: : 
of the pixels functions as a low-pass filter for the 
pulse signal. * 

28. A method for driving an active matrix type display 
30 device according to claim 7, wherein the si:ep of generat- 
ing the pulse signal includes a step of 'varying a cycle 
of the pulse signal. 
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29 ♦ An active matxix type display device according to 
claim 1, wherein the signal line driving circuit further 
includes a comparison circuit for controlling output 
impedance with reiapect to the pulse signal « 

5 

30 • An active matrix type display device according to 
claim 2, wherein an impedance element for controlling 
output impedance with respect to the pulse signal is 
provided between the comparison circuit and the signal 
10 line. 

{ 

31- An active matrix type display device according to 
claim 30 , wherein the pulse signal is a binary pulse 
signal ♦ 

15 

32, An active matrix type display device according to any 
of claims 29 to 31, wherein the signal line driving 
circuit outputs the pulse signal to the signal lino r and 
circuitry from the signal line to t^e corresponding one 
20 of the pixels functions as a low-pass filter for the 
pulse signal . 

33* A method for driving an active matxix type display 
device according to claim 7 , wherein the etes;> o£ gen<jirat- . : 
25 ing the pulse signal includes a s:tep of controlling 
output impedance of the pulse signal to be a desired 
value . * • 
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ABSTRACT OF THE DISCLOSURE 



An active matrix type display device according to 
the present invention includes: a display panel including 
5 a plurality of pixels arranged in a matrix shape, scan- 
ning lines connected to the plurality of pixels, and 
signal lines competed to the plurality of pixels; and 
a signal line driving circuit for jreceiving an analog 
video signal and driving each signal line with a signal 
10 line driving signal corresponding to a signal level of 
the analog video signal. The signal line driving' circuit 
generates a pulse signal hiiving a duty ratio correspond- 
ing to the signal level of the analog video signal and 
outputs the pulse signal. 

15 
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